The reported prevalence of pain after stroke varies considerably, depending on how pain is measured, time after stroke, and characteristics of the selected population. The aims of this study were to investigate the prevalence and distribution of new-onset pain initially and three months after stroke in a general Norwegian cohort, and to examine whether symptoms of anxiety or depression were associated with new-onset pain after stroke. Material and methods: Stroke patients were included from eleven different hospitals within 14 days after stroke onset. Pain was assessed at inclusion and three months after stroke, and the distribution of pain was marked on a body map. New-onset pain was defined as pain reported by the patients to have occurred after the stroke. Symptoms of anxiety and depression were evaluated using the Hospital Anxiety and Depression Scale. Results: A total of 390 patients were included. Pain data were available in 142 patients at both inclusion and follow-up, while 245 patients had available data for the regression analysis. In patients with follow-up data, new-onset pain occurred in 14 (9.9%) patients at inclusion and in 31 (21.8%) patients three months later, P=0.005. New-onset pain in the affected upper limb and bilaterally in the lower limbs was more common at three months than initially after stroke. Symptoms of anxiety were associated with new-onset pain (OR=1.13, 95% CI 1. 01-1.27, P=0.030). Conclusion: This study shows that new-onset pain occurs in one out of ten patients initially after stroke and in one out of five patients three months after stroke, and it was associated with symptoms of anxiety. This raises the question of whether easing symptoms of anxiety might help to prevent or treat new pain after stroke.
Introduction
The reported prevalence of pain after stroke varies considerably, and range from 11% to 54%, depending on how pain is measured, time after stroke, and selection and characteristics of the population. [1] [2] [3] Despite some inconsistencies, several studies have found that pain in stroke patients is associated with female gender, younger age, and more severe strokes. [4] [5] [6] As pain is always subjective, the most obvious way of having it assessed is by structured interviews. 3, 7, 8 Structured questionnaires exist, 9 and different scales such as Numeric Rating Scale (NRS), Visual Analog Scale, and Verbal Rating Scale make it possible to describe pain with some accuracy. 10 The number of patients experiencing pain seems to increase during follow-up, at least within the first months after stroke. 2, 3 Previous research also indicates different patterns for different kinds of post-stroke pain. 3, 5, 11 While headache mainly develops as an acute problem declining with time, pain related to the muscular skeletal system seems to increase gradually and over time. 3 The nature of post-stroke pain is intricate, and it is difficult to grasp all aspects involved in its development and its influence on the lives of the affected patients. Even though pain does not seem to affect functional outcome three months after stroke, 12 the affected patients appear to have an increased risk of experiencing emotional distress. 4, 7, 13 Studies have found an association between pain and depression in stroke patients, but there are some inconsistencies indicating that this relationship is complex and not properly accounted for. 4, 7, 14, 15 The association between anxiety disorders and pain is established in several populations, indicating a bidirectional relationship between the two. [16] [17] [18] [19] Although anxiety is fairly common in stroke patients, 20 little is known about how it influences the occurrence of pain after stroke. One study has found that anxiety was more common in patients with pain than no pain. However, pain was not specified as new after the stroke, and the analyses were not adjusted for confounders. 21 Pain is also common in the general population. 22 It is therefore difficult to evaluate whether the pain existed prior to or occurred after the stroke, and even more difficult to establish whether the pain was caused by the stroke. Previous research has focused on the total burden of post-stroke pain, 2, 4 and even though some studies differentiate between pre-stroke and post-stroke pain, few studies follow the same group of patients over time to see how new pain evolves after the stroke. In the current study, we used data from a Norwegian multicenter study (the LEAST study) 23 to investigate the occurrence of pain initially and three months after stroke. We also wanted to distinguish between pre-stroke and post-stroke pain.
The primary aim of this study was to report the prevalence and distribution of new-onset pain in the early phase and three months after stroke in a group of stroke patients. Secondary aims were to examine whether symptoms of anxiety and depression were associated with new-onset pain after stroke and to describe how patients reported the pain to influence on activities of daily living and enjoyment of life.
Material and methods study design and setting
This was a prospective observational study recruiting stroke patients admitted to stroke units in 11 Norwegian hospitals. The participating hospitals were two university hospitals, seven middle-sized hospitals (treating 100-400 stroke patients per year), and two small hospitals (treating less than 100 patients per year). Hospitals were contacted once every fortnight, and inclusion was carried out if there were two or more eligible patients. Trained assessors performed the follow-up assessment three months later, mainly by telephone or face-to-face. 23 
Participants
Patients were recruited from December 2011 to June 2013. Patients were eligible if they had been diagnosed with acute stroke according to the WHO's definition 24 within the last 14 days, were aged more than 18 years, not receiving palliative care, were able to understand the Norwegian language, and willing to sign informed consent. They had to stay in the hospital for the whole process of inclusion. Patients unable to consent for themselves were included if their next of kin consented to their inclusion. The study was approved by the Regional Committee for Medical and Health Research Ethics in Norway (REK no 2011/1428).
Baseline assessment
Baseline characteristics including gender and age were recorded immediate after inclusion. Stroke was classified as infarction or hemorrhage. Stroke severity was measured using the National Institutes of Health Stroke Scale (NIHSS) at inclusion. 25 Premorbid and post-stroke functional level was registered using the modified Rankin Scale (mRS). 26 
Measures
Pain was assessed at three months after stroke, with a later protocol adjustment and implementation of pain assessment at inclusion to the study as well. At inclusion, patients were asked if they had any pain. Pain was defined according to the definition used in the Brief Pain Inventory, that is, ignoring pain that most of us have from time to time, such as minor headache, sprains, and toothache. Furthermore, patients were asked to locate the pain on the body map from the same questionnaire. 9 To decide if the pain was new after the stroke, patients were asked if it had occurred after the stroke.
Additionally to these pain questions, an extended questionnaire was implemented at three months after the stroke. Patients were asked if the pain required regular (>2 times per week) use of analgesics. NRS (0-10) was used to rate pain intensity. Patients with new-onset pain were asked to rate on the NRS how the pain influenced their daily activities and enjoyment of life. A score of 3 or less on NRS was categorized as "mild", a score from 4 to 7 as "moderate", and a score of more than 7 as "severe". Symptoms of anxiety and depression were measured at three months after stroke using the Hospital Anxiety and Depression Scale (HADS), 28 which has been validated for use in stroke patients. 29 It consists of seven questions related to depression and seven questions related to anxiety, and it generates a score for each of the two subscales (0-21) as well as a total score (0-42). It is recommended that the subscales are used separately. 30 Dichotomization of the score is possible, 31 but in this study, we used the total score for both subscales, symptoms of depression and anxiety.
statistics Baseline data were analyzed using the Pearson chi-squared test for dichotomous proportions, while the Mann-Whitney U test and Student's t-test were used to compare groups on scale variables. Descriptive statistics were used to report the prevalence and distribution of new pain according to the body map. Distribution of pain on the body map was defined according to the following categories: head/neck, upper limb on the affected or unaffected side of the body, lower limb on the affected or unaffected side of the body, back, chest, and abdomen. The McNemar mid-P-test was used to analyze differences in new-onset pain in the acute phase and after three months.
Univariable logistic regression, with new-onset pain three months after stroke as the dependent variable, was used to analyze associations. Independent variables were gender, age, stroke severity assessed with the NIHSS, symptoms of anxiety, and symptoms of depression three months after stroke. A multivariable logistic regression analysis was performed with symptoms of anxiety and depression as independent variables. Adjustments for gender, age, and NIHSS were made as these variables are known to be associated with pain after stroke. 5, 6 This regression analysis was repeated three times, once with both "anxiety" and "depression" included in the model, once with "anxiety" alone and once with "depression" alone included in the model, in addition to gender, age, and NIHSS. A two-sided P-value <0.05 was considered significant. Statistical analyses were performed in SPSS 24 and Microsoft Excel 2016.
Results

study population
A total of 547 patients were screened for inclusion from December 2011 to June 2013. Fifty-one patients did not meet the inclusion criteria, while 60 patients were excluded due to early discharge and 26 patients did not want to participate. Sixteen patients were later excluded because they did not have a stroke diagnosis, and one withdrew. Hence, 393 patients had available baseline data. Furthermore, three patients were excluded due to a lack of follow-up data, leaving a total of 390 patients to be included in the study. The flow of patients with and without pain data is described in Figure 1 . Assessment of pain at inclusion was implemented after the study had been in progress for a while. Hence, pain data were available in 174 patients at inclusion, while 142 patients had available pain data on both occasions, giving a sample of 142 patients available for the prevalence analysis. Out of 263 patients with available pain data at three months, 18 were lacking data on HADS, leaving a total of 245 patients available for the regression analysis. For patients alive, the main reasons for not responding when asked about pain were aphasia or dysarthria, other cognitive impairment, or loss to follow-up.
Baseline information of the patients included in prevalence analysis and the regression analysis is listed in Table 1 .
Prevalence and distribution of pain
The prevalence analysis included 142 patients with complete pain data at both inclusion and three-month follow-up. Out of these, 45 patients (31.7%) reported pain at inclusion and 59 patients (41.5%) reported pain three months after stroke. Fourteen (9.9%) patients who reported pain at inclusion also reported that the pain had occurred after the stroke. Four of these patients still reported pain three months later, and 27 additional patients developed new pain, resulting in a total of 31 patients (21.8%) with new pain three months after stroke (Table 2) , which constitutes a significant increase since inclusion, P=0.005. Of the 31 patients with new-onset pain three months after stroke, 18 (58.1%) used analgesics regularly.
The anatomical distribution of new-onset pain is listed in Table 2 . Patients could report pain from more than one location. New pain in the upper limb on the affected side of the body was significantly more common three months after stroke than at inclusion. New pain in the lower limb was also more common at three months, both in affected and unaffected parts of the body.
associations between symptoms of anxiety or depression and new-onset pain three months after stroke
The regression analysis included all the 245 patients who responded to both the pain questionnaire and HADS three months after stroke. In the univariable regression analyses, female gender, higher score on the NIHSS, symptoms of anxiety, and depression were significantly associated with new-onset pain three months after stroke (Table 3) .
Results from the multiple regression model showed that anxiety, but not depression, was significantly associated with new pain, with an increased likelihood of concurrent pain as the score on the anxiety subscale of HADS increased. In a separate multivariable regression analysis (not shown in the table) not adjusted for depression, the association between anxiety and new-onset pain was slightly more pronounced (OR=1.16, 95% CI=1.06-1.27, P=0.001). When the analysis was not adjusted for 
Not responding to HADS, n=18
Patients assessed for pain at 3 months, n=121
Patients reassessed for pain at 3 months, n=142
Not assessed for pain 3 months after stroke, n=30
Patients with complete data on pain and HADS at 3-months follow-up, n=245 (included in the regression analysis) (included in the prevalence analysis)
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Patients' perception of how new-onset pain influences activities of daily living and enjoyment of life
A description of the scores from patients ranging the intensity of new-onset pain and how they perceived this pain to influence their daily activities and enjoyment of life is listed in Table 4 . A total of 51% found the pain to have a moderate to severe influence on daily activities, while 53.5% of patients reported pain to have moderate to severe influence on enjoyment of life.
Discussion
This study has shown that pain occurred in about 30% of patients initially after stroke, and one-third of these reported the pain to have occurred after the stroke. Three months later, pain was reported by 40% of the patients, and half of these found that the pain had developed after the stroke. New pain in the affected limbs and the unaffected lower limb was more frequently reported at three months compared to initially after the stroke. Anxiety was significantly associated with new-onset pain three months after stroke. Finally, half of the patients found new-onset pain to have a moderate to severe influence on their daily activities and quality of life. Only one out of ten patients experienced new-onset pain early after stroke. This contrasts with other research reporting a prevalence ranging from 20% to 37.8% in the early phase after stroke. 3, 32 New-onset pain in 20% of patients at three months after stroke is similar to what was found by Sommerfeld et al, but lower than reported by Hansen et al who found that new pain occurred in 41.8% at three months after stroke. 3, 32 Hansen et al asked specifically for different types of pain, which might be one reason for the higher number of patients reporting pain. They also performed a sensory examination, and it is hypothesized that more abnormalities are found when physical examination is performed. 33 On the other hand, examinations were also performed in the study by Sommerfeld et al, and they still found a lower prevalence of pain. Differences in the selection of patients between the studies might also explain some of the inconsistencies.
The trend toward more new-onset pain at three months than initially after stroke was more prominent in our study than in the studies by Sommerfeld et al and Hansen et al. Only four patients who reported pain at inclusion to our study still experienced pain at the follow-up. This could imply that a different type of pain develops over time after stroke. We found an increase in new-onset pain in the limbs affected by the stroke, which is in accordance with previous studies on painful shoulder. 3, 11 We also found that the prevalence of 
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Bovim et al new pain in the hip and leg on both the affected and unaffected sides had increased at three months after stroke. We did not differentiate between nociceptive and neuropathic pain, which would have provided a deeper understanding of the pain that evolves after stroke. However, pain in the affected lower extremity could be caused by altered muscle force and tone, 32, 34 while increased pain in the unaffected lower extremity could possibly be caused by an alteration in balance or gait pattern.
A relatively small number of patients, 4.9%, experienced new-onset pain in the head/neck. This is less than what is described in the literature, as previous studies have found the occurrence to be around 30%, [35] [36] [37] and frequency in later stages is found to range from 15.3% to 7.2%. 3, 4, 35 Patients were told to ignore light pain that can occur from time to time, which possibly could explain our low numbers of headache.
Slightly more than half of all patients with new-onset pain at three months after stroke used analgesics regularly. Similar consumption was found in one previous study, 3 while others have reported that only 20% of stroke patients with pain use analgesics. 4 Comparing this to patients with other chronic conditions, 55% of patients with low back pain in the US had analgesic claims. 38 Among community-dwelling elderly people with chronic pain in Finland, analgesics were used daily by approximately 15%, and as required by approximately 60%. 39 Hence, the consumption in our group was quite similar to other groups with chronic pain. However, it would have been interesting to know what types of analgesics were used.
Experiencing symptoms of anxiety three months after stroke was associated with simultaneously occurring newonset pain. Symptoms of depression were also associated with new-onset pain, but the association disappeared after adjusting for anxiety in the multivariable regression model. Previous research has shown that depression and anxiety are correlated, 31 but our results indicate that anxiety has a stronger association with new-onset pain after stroke than depression. Our finding is supported by another study, which found that both anxiety and depression were associated with impaired health-related quality of life, but only anxiety was significantly associated with pain after stroke. 40 This is noteworthy, especially since anxiety has been sparsely investigated in relation to pain after stroke.
To our knowledge, this is one of few studies conducted in a stroke unit with follow-up data focusing on pain early after stroke. In addition to assessing follow-up data on new pain after stroke, it shows that anxiety interacts with newonset pain. In line with previous research, 3,14 our study confirms that patients report new-onset pain to influence their daily activities and quality of life. 3, 14 This emphasize the importance of identifying these patients in order to provide adequate help.
When comparing baseline data of patients responding to pain questionnaires in our study with patients registered in the annual report from the Norwegian Stroke Register 2016, 41 they were similar concerning the number of infarctions, median age, and median score on NIHSS at admission to hospital, indicating that patients responding were representative of the general Norwegian stroke population
Invited patients who did not respond to the questionnaires were not a random group; these patients were significantly older, had more severe strokes, and were more likely to be women compared to those responding. Severe strokes may impair the ability to communicate, making patient-reported outcomes difficult to measure. We also found that patients with very mild strokes were less likely to be included due to short length of stay in hospital. The greatest limitation of this study was the late implementation of pain assessment at inclusion, leaving a limited number of patients with complete pain data from both inclusion and three months later. However, when looking at age, gender, premorbid function and stroke severity, it seems that this was a random selection of patients, and the reported frequencies should be regarded as valid.
Pain is, to some degree, constantly present in any population, 22 and as pain is a subjective experience, it is difficult to measure for use in research. It is also challenging to differentiate between pain that occurs in relation to the stroke and pain with other causes. We intended to differentiate between new-onset pain and previous pain by asking specifically if pain occurred after the stroke. However, the patients' ability to evaluate whether the pain occurred after the stroke may not be reliable, as there is a risk of recall bias, in addition to the difficulties evaluating the causes of pain, which in many cases may be complex. This methodological limitation could possibly have been reduced by doing a more thorough examination of the pain and by evaluating different possible causes in each individual. Some previous studies investigating post-stroke pain have additionally investigated if the pain was caused by wounds, fractures, rheumatoid arthritis and so on, and excluded this type of pain. 7, 32 In future research, a reference group should be included to be able to distinguish between pain that is stroke related and the pain that is not stroke related. 14 A more thorough description of the history of pain, including previous or current treatment, such as physiotherapy or rehabilitation related to the pain would give a more thorough understanding of the types of pain that develop after stroke. In addition, when it comes to depression and anxiety, it would be interesting to know about previous history and current treatment, which is not measured by HADS. It is important to remember that HADS simply measures current symptoms and is not a diagnostic tool.
Conclusion
In this study, we found that new-onset pain occurred in one out of ten patients initially after stroke and one out of five patients three months later. In particular, new pain was more frequent in the upper limb on the affected side of the body and lower limbs on both sides at three-month follow-up. Symptoms of anxiety were associated with new-onset pain, and it would be interesting to investigate if interventions to reduce anxiety could have a therapeutic effect on pain. Finally, the finding that more than half of patients with new-onset pain reported the pain to have a moderate to severe influence on daily activities and enjoyment of life is clinically important. Further research should focus on the prevention and the treatment of pain after stroke, and it would be interesting to know more about how anxiety and the use of analgesics interfere with the relationship between new pain and daily activities and enjoyment of life.
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